This meeting of the President's Cancer Panel was designed to provide an overview of known and suspect causes of cancer and to indicate those that might be considered avoidable. Two complex concepts are inherent in this charge: cause and avoidability. Risk factors for cancer are designated as causal when the evidence from observational and laboratory research is judged sufficient in relation to criteria for causality; the extent to which cancers of specific sites can be avoided is best estimated by the attributable risk statistic, which incorporates both the exposure pattern and the relative risk for the cancer-causing agent. A research agenda on avoidable causes of cancer should then address both the risks associated with the agents that cause cancer and the pattern of exposure to the agents. Presentations at the meeting highlighted gaps in the evidence on the risks associated with various known and potential causes of cancer and on the patterns of exposure across the diverse groups within the population. In spite of these gaps, presenters emphasized that the evidence is already sufficient to justify intervention for many agents and that action need not be delayed for the well-characterized causes of cancer. In addition to research recommendations offered by presenters for specific causal agents, the scientific basis for cancer prevention might be generally strengthened by new research strategies directed at developing new tools for exposure assessment, for investigating the risks of mixtures, and for population surveillance. -Environ Health Perspect 103(Suppl 8): 307-311 (1995) 
Introduction
This conference sought to provide an overview of known and suspect causes of cancer and to indicate those that might be considered avoidable. The presentations covered the full array of environmental agents, including such widely present exposures as air pollution, water pollution, infectious agents, and ionizing and nonionizing radiation. They focused more specifically on hormones and medications, occupational exposures, and lifestyle-associated risk factors such as diet, tobacco, and alcohol. Gender and ethnicity were considered as factors that may influence exposure patterns and determine responses to environmental agents. The emerging field of cancer genetics was also covered; this field brings the promise of a heightened understanding of mechanisms of cancer causation and even the possibility of identifying persons at risk from environmental exposures on the basis of genetic susceptibility.
These wide-ranging presentations point to myriad opportunities for future research and to ways that the new evidence can be used for cancer prevention and control. This paper considers the needs for new etiologic information on avoidable causes of cancer and the most immediate opportunities for research, highlighting key issues raised during the meeting. The coverage is selective, given the broad scope of the presentations.
A number of general themes are apparent. First, there have been numerous successes using both epidemiologic and laboratory-based approaches to identify avoidable causes of cancer-such historically significant examples as Percivall Potts' finding of scrotal cancer in chimney sweeps based on astute observation, and identification of smoking as a cause of lung cancer based on straightforward application of the case-control design. These (4) . Attributable risk indicates the burden of disease that could be avoided if exposure to the agent of concern were fully prevented. One form of attributable risk, population attributable risk (PAR), describes the proportion of disease in a population associated with exposure to an agent. The PAR can be calculated as:
where RR is the relative risk of the disease, comparing persons exposed to the agent with the nonexposed, and P is the proportion of the population exposed to the risk factor. The PAR increases with both the value of RR and of P. The equation shows that a rare exposure associated with high RR for those exposed may have little impact on PAR for the population in general. For example, an agent that increases cancer risk 10-fold for a small segment of the population-for example, 0.001%-has a PAR of only 0.009%. This example might represent a strong occupational cause of disease affecting a group of workers. By contrast, the PAR for an agent with a RR of 1.10 and an exposure prevalence of 10% is 1%.
Attributable risk estimates should be interpreted as representing the theoretical maximum number of cases avoidable if the exposure of concern could be fully removed, i.e., P reduced to zero. In practice, however, it may not be feasible to prevent exposure completely, and the number of cases preventable by intervention may be only some fraction of the theoretical estimate of PAR. Moreover, interventions may not be intended to eliminate exposures but to reduce those exceeding a threshold level of acceptability. Radon, for example, has been estimated to cause about 14,000 lung cancer deaths per year in the United States (6,7). These cases could be avoided only if levels of radon in residences were reduced to the background level in outdoor air, an unachievable goal. Lubin and Boice (8) show that reducing the levels in homes having concentrations above the guideline value of the U.S. Environmental Protection Agency (U.S. EPA) removes only one-third of the total burden of lung cancer attributable to radon. Larger gains can be made only by reducing concentrations in homes below the guideline value as well. By contrast, the entire burden of lung cancer caused by cigarettes could be eliminated with complete control of smoking.
Many cancers of current public health concern are likely to have multiple causes. For diseases caused by multiple agents, the total burden of disease theoretically preventable may exceed the observed number of cases or 100% if there are synergistic patterns of joint action as assessed on an additive scale. For example, radon and cigarette smoking are synergistic in causing lung cancer (9 Although simplistic in its mathematical formulation of complex biologic phenomenon, the PAR makes clear that cancer can be avoided by either reducing RR or P. As a basis for avoiding cancer, we must identify causal agents, those factors with RR above unity for which the evidence warrants designation of the association as causal. Cases of cancer can be avoided by reducing the value of RR (e.g., through reduction of the level of exposure or by use of a chemopreventive agent) and also by reducing the value of P (e.g., by eliminating the exposure). The development of markers of susceptibility may allow us to partition the population into two groups, those with increased or higher RR because of susceptibility and those with lower RR or no increased risk who are not susceptible ( Figure 2) . Preventive strategies would then target those with increased risk on the basis of susceptibility.
To date, epidemiologic and laboratorybased research have successfully identified many risk factors for cancer. There are abundant opportunities for cancer control using this evidence. However, the principal risk factors for some of the most common cancers (e.g., colon cancer and prostate cancer) have yet to be identified, and some of the identified risk factors cannot be readily modified (e.g., reproductive history and risk for breast and uterine cancer). Papers at this meeting emphasized that The New Tools A number of new research tools have the promise of deepening our understanding of the causes of cancer. These tools include the rapidly advancing techniques of modern molecular and cellular biology, which are already providing markers of genetic susceptibility for some cancer sites, and biomarkers of exposure and dose, which can sharpen the characterization of risks in population studies. This blending of markers of susceptibility, exposure, dose, and response into the population context has been called molecular epidemiology.
The tools also include powerful new study designs. Relative risks are anticipated to be relatively modest for many potential risk factors of current concern and quantification of the risks may be compromised by exposure misclassification and confounding. Large studies are needed to address such risks; studies have now been conducted that demonstrate the feasibility of collecting information from large groups and then following the subjects for disease incidence and mortality. In the Nurses Health Study, for example, information on risk factors was obtained by mailed questionnaire on enrollment from over 100,000 nurses who were then followed actively and passively (10) . The subsequent collection of dietary information using a food frequency approach makes this study a unique source of information on diet and cancer. Nested design approaches that involve sampling within larger study populations have also been developed (11) . These designs facilitate the informative application of more complicated, invasive, or expensive approaches for assessing exposures or outcomes.
New tools are also available for exposure assessment (12, 13) . The conceptual basis for exposure assessment has become increasingly formalized and the concept of exposure broadened to encompass the full range of media through which exposure occurs. Exposure assessment technology suitable for epidemiologic research has now been developed for many environmental agents. For example, radon can be readily measured in indoor air using relatively inexpensive passive monitoring devices; thousands of measurements will be made in the case-control studies now in progress throughout the world (14) .
Biomarkers are indicators of exposure, dose, outcome, or susceptibility measured in biologic specimens (15, 16) . Such biomarkers have the promise of heightening the validity of indicators used in cancer research. For smoking and lung cancer, for example, levels of cotinine, a nicotine metabolite, provide an index of immediate exposure, and levels of some carcinogens and adducts reflecting their binding to DNA can be measured (17) . Epidemiologic investigations have also incorporated genotyping for putative susceptibility genes.
The Score Card in 1994
The predominant avoidable causes of cancer fall under the broad groupings of tobacco, alcohol, diet and nutrition, hormones and medications, occupational exposures, environmental exposures, radiation, and infectious agents. Gender, ethnicity, and environment are also factors, as are genetic susceptibility and interaction of genetic susceptibility with the environment. Table 1 summarizes my impression of the status of the evidence in each of these areas. I have arbitrarily graded on a four-level scale-from 0 to +++ -for the evidence on both components of the PAR, the relative risk, and the exposure prevalence (P). While some might dispute these summary designations, the table provides a perspective on the relative status of the evidence for these factors.
Tobacco smoking is at the highest level of understanding for both the RR and P. The extensive epidemiologic research on tobacco smoking and health provides a rich database on the RRs for the many cancer sites causally linked to tobacco smoking (18, 19) . Patterns of tobacco smoking are also amply documented through diverse population surveys (19) . The population burden of smoking-attributable death is regularly tracked and reported; a software system has been developed for this purpose (20) . By contrast, the burden of cancer associated with diet remains uncertain and controversial, although diet was considered to account for a substantial proportion of cancer cases (35%) in the 1981 report of Doll and Peto (21) . Dr. Walter Willett reaffirmed this view of the importance of diet and suggested that most of the attributed cases could, in fact, be prevented (23) . However, there are abundant hypotheses concerning diet and cancer that reflect the myriad components of the diet that might act to increase or decrease cancer risk and there is still little coherence among the RR estimates for any particular nutrient for a specific cancer site. There have been notable successes in identifying agents in the diet that cause cancer, but the most prominent examples reflect exposures, such as aflatoxin, that have an impact in developing countries. Table 1 makes clear that a substantial research agenda remains to be met if we are to target resources optimally to prevent avoidable cases of cancer. Research is still needed to quantify the RRs associated with the many potential causes of cancer. We also need evidence from the full array of research approaches used to understand the causes of cancer in man: epidemiologic studies, animal studies, and more basic laboratory approaches.
In general, we know less about patterns of exposure to the many agents that cause cancer. National and other surveys provide information on smoking, alcohol, and diet, although the dietary data may not be sufficiently detailed for all dietary components of potential interest with regard to cancer. Less information is available on exposure patterns for other broad groups of causal agents ( Table 1) .
The score card is particularly poor for research on risk to special populations. Relative risk values among special populations can be expected to differ from those of white populations and to vary because of patterns of exposure and gene-environment interactions. To date, this anticipated heterogeneity remains largely unexplored.
Research Opportunities and Approaches
An extensive research agenda directed at cancer etiology is needed to complete the many gaps in research pointed out in Table  1 . In spite of these gaps, it is apparent that the evidence is already sufficient to justify intervention for many of the categories in Volume 103, Supplement 8, November 1995 (24) . Public health surveillance incorporates ongoing, systematic data collection with analysis and interpretation of the health data (25) . The 
Conclusions
Research on the etiology of cancer has had some notable successes and provides a framework for implementing an agenda of research and intervention for cancer control. However, research strategies to identify avoidable causes of cancer continue to be constrained by the methodologic difficulties posed by the low signal-tonoise ratio for many lifestyle-associated risk factors and the complexity of the environmental exposures of current concern, many of which are complex mixtures. The emerging field of cancer genetics offers a new set of approaches and promises a heightened understanding of mechanisms of cancer causation, and even the possibility of identifying those at risk from environmental exposures on the basis of genetic susceptibility. In addition to the recommendations made for specific causal agents, the scientific basis for cancer prevention might be generally strengthened by new research strategies directed at developing new tools for exposure assessment and investigating the risks of mixtures, as well as at population surveillance.
